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ABSTRACT 

The problem ot assessing hazards to geosync h<-onous 
satellite systems from geomagnetic subscorm encoun- 
ters has plagued investigators for several years. 
Electronic switching anomalies have been occurring 
on satellites and appear to be related to environ- 
mental charging. Yet, If the assumed large differ- 
ential voltage type ot discharge were Involved, 
then there should have been more catastrophic fail- 
ures. The available space flight data, coupled 
with analytical modeling studies, have shown that 
only relatively low differential charging is pos- 
sible from environmental encounters. Using an ana- 
lytical study of a discharge event on blATHA, a 
discharge process is postulated where a small 
amount of charge is lost to space. These charac- 
teristics could then be used as inputs to a coup- 
ling model to determine the hazard to a space- 
craft, The procedure is applied to a three-a*s 
stabilized satellite design. 

INlKOOUtTION 

Since iy7S, a combined Air Force/Nat lonal Aeronau- 
tics and Space Administration investigation has 
been unoerway to understand and control a phenome- 
non known as "spacecraft charging" (Ref. 1). This 
charging occurs when geosynchronous satellites en- 
counter geomagnetic substorm environments resulting 
in the deposition ot charge on satellite exterior 
surfaces (Ref. <?). This phenomenon was observed as 
a result of experiments on AIS-S in lSb9. Here, 
data from the Aurora' 'articles Experiment showeo 
that substorm enviroi .nents could charge satellite 
structures to large negative values (Ret. 3). 

These initial results have been confirmed and ex- 
panoed upon by data from instruments on ATS-b and 
StATHA (Ref's. 4 and b). The differential charging 
ot the dielectric surfaces of geosynchronous satel- 
lites appears to become large enough to Cuuse break- 
downs ano the resulting transients couple into the 
electrical system producing switching anomalies. 

The existence of such exterior breakdowns and re- 
sulting transients on satellite harnesses has been 
shown by monitors on satellites (Refs. 6 and 7). 
While satellites have been in geosynchronous orbit 
since the mid-sixties, the anomalous occurrences 
seem to arise when manufacturers converted from 
latching relay logic to computer level logic 
(fief. 8). 

fhe initial phases of the AF/NASA investigation 
centered on the concept that large differential 


voltages between sunlit and shaded surfaces irau'd 
exist under typical substorm conditions (Ref. 9). 

At projected differential voltages (>10 kV), labor- 
atory texts Indicated that spectacular, visible 
breakdowns or discharges were possible (Ref. 10). 
Transient current surges of O.b ampere per square 
centimeter of dielectric area were measured. Ex- 
trapolating current surges to spacecraft sizes re- 
sulted In huge effects which should have destroyed 
satellites (>1000 A pulses). In the 13 years since 
this phenomenon has been tracked, only one possible 
failure can be ascribed to spacecraft charging ef- 
fects (Ref. 11). Most of the anomalies are a re- 
sult ot spurious command switching and noisy 
telemetry. 

Analytical modeling studies (Ref. 12) and space 
flight data from SCATHA (Ref. 13) and ATS-6 (Ref. 
14) have siiown that large differential charging 
just does not occur on satellites in geosynchronous 
orbits. Therefore, the conoitions necessary to 
produce the large area breakdowns observed in the 
laboratory do not exist in space conoitions. Yet, 
transients are observed on satellites. Hence, 
there must be some process associated with geomag- 
netic substorm environments that can produce break- 
oowns at the observed lower differential voltages. 

This paper explores the possibility of 'nw differ- 
ent. al voltage breakdowns on geosynchronous satel- 
lites. First, modeling results on different types 
ot satellites are shown to demonstrate the range of 
differential voltages that could be expected. 

Then, a transient event that occurred on bCATHA 
during eclipse charging is used to Develop a con- 
cept tor a possible discharge model. This model is 
then proposed and the resultant transient charac- 
teristics computations postulated. Finally, this 
discharge model is applied to a three-axis stabi- 
lized satellite. 

DIFFLRENllAL CHARGING OF SATELLITES 

As a means of demonstrating that the possible dif- 
ferential voltage on satellites cannot reach the 
high values required for large discharges, two dif- 
ferent satellite configurations are analyzeo with 
the NASA Charging Analyzer Program (NASCAP). 

NASCAP Is a three-dimensional code and is fully 
capable of describing transient and steady-state 
charging behavior (Refs. IS to 18). 

Beth a Ihi -e-axis stabilized and spin-stabi 1 izeo 
satellite have been chosen for this oemonstrat ion 



since it hds been shown thdt cunt igurdt )uns do in- 
fluence chdrging belidvtor (Kef. lit). Ihe NAiCAJ* 
models of these satellites are shown in figure 1. 
The three-axis-stabilized satellite chosen is the 
HASA Tracking and Data Kelay Satellite System 
(TORSS) that will replace existing ground sta- 
tions. It is a large satellite, 18.9 by 11./ me- 
ters in overall dimensions. It consists princi- 
pally of two large solar arrays, two main antennas, 
two smaller antennas and the spacecraft body. The 
materials chosen tor this study simulate the ac- 
tual coatings. The two main antennas were modeled 
as an octagonal rim with a central rectangular feed 
in order to evaluate the charging of the optical 
solar reflectors (OSK's) covering the electronic 
enclosure behind the antenna feed. Since the an- 
tenna mesh was transparent, there was a possibility 
of part being sunlit while the rest was shaded. 

The backing of the solar arrays was assumed to be 
plain Kapton. The spinning satellite chosen is the 
P/8-i! Spacecraft Charging at the High Altitudes 
(SCATHA) satellite. It has cylindrical sides cov- 
ered primarily with solar arrays and uses appropri- 
ate dielectrics on the "belly band," top and bottom 
surfaces. 

A design evaluation environment (Ret. i’O) was used 
in this study. The Sun incidence tor the TDKSS 
evalution was offset such that the viewer would be 
looking at the model from the Sun. For the SCATHA 
evaluation, the Sun was assumed to be normal to the 
solar array and the satellite to be spinning at 
1 rpm. 

The results predicted for satellite grounds and 
shaded kapton insulation areas are shown in figure 
2. The three-axis-stabi 1 ized spacecraft ground is 
charged more negatively both in sunlight and 
eclipse than the spinning satellite ground. This 
is due to the large areas of shaded insulation be- 
hind the solar arrays, which charge to high nega- 
tive values and thus create fields surrounding the 
satellite, reducing photoemission. The spinning 
satellite tends to average this shading effect and 
thus maintains a lower ground potential. 

The maximum differential voltage between the satel- 
lite ground and dark insulators ranges between l.b 
and J.O kV for both satellites. At these differen- 
tial voltages, laboratory tests conducted with sub- 
strates grounded would indicate no possibility of 
discFiarges: the insulators would simply be mildly 

charged (Ref. 21). Hence, it is necessary to de- 
velop a method of predicting when discharges could 
occur under realistic space conoitions and deter- 
mining what their characteristics would be. The 
SCATHA oata can be used to assist in this study. 

ENVIRONHEhlALLY-lNOUCEU OISCHARGES ON SCATHA 
Background 

The P78-2 or SCATHA satellite was launched in 19/9 
into a slightly elliptic orbit to collect data on 
spacecraft charging interactions (Ref. 11). It is 
a cylindrical spacecraft with several booms. In- 
strumentation on-board was designed to measure the 
space environmental parameters and satellite re- 
sponses to this environment. It spins at 1 rpm. 

The satellite has been successful in meeting its 
objectives (Refs. 22 and 23). 

The sunnaries of the Satellite Surface Potential 
Monitor (SSPM) data have shown that there has been 
relatively low differential charging on the dielec- 


tric samples (Ret. 24). Uifferential charging 
seems to be limited to values of about 2 kV even 
though the satellite has been charged to -10 kV in 
eclipse. Even with this mild ditfeicitial voltage, 
discharges have been observed which are attributed 
to environmental charging (Ref. 2S). The amplitude 
of these discharge transients tend to be less than 
a volt, indicating a relatively low charge loss. 

The location of these discharges have not been 
identified. 

For the eclipse charging event on March 28, 1979, 
the NAiCAP computer cooe has been used to generate 
surface voltage predictions for comparison to 
flight data. Ihe conputer model, shown in tigure 
1, was used along with the environmental oata pro- 
vided from the particle detectors to predict the 
satellite ground potentials (Kef. 2b). The compar- 
ison is very favorable (see tig. 3). The rms tem- 
perature data, available at only discreet intervals 
shows an initial environmental pulse to 11 KeV and 
then stabilization between b and b KeV. The compu- 
ter predictions tor the ground potentials (short 
dashed lines) follows the measured values very 
well. A detailed comparison of the predictions to 
the measured values of voltage and current of the 
large Kapton sample on the bSPM is also excellent 
(Kef. 27). Hence, NASCAP can predict reasonable 
values tor absolute and differential charging on 
bCATHA at least in this substorm. 

A review of the surface charging voltage predic- 
tions from tills NASCAP computer run, did not reveal 
any large u,i terential charging. Une would iiave 
expected that the satellite was charged as a unit 
in the initial phase of the substorm ano that what- 
ever differential voltages developed would have 
occurred in the milder phases of the substomi. 

Yet, a discharge did occur within 1(K) seconds after 
encountering the substorni (Kef. 2b). Furthermore, 
there were no more discharges, even though the sub- 
storm intensified, until 90 seconds after the sat- 
ellite entered sunlight. 

Proposed Discharge Model 

In this section a model is proposed to explain the 
fact that the March 28, 1979 discharge event could 
have occurred at about 100 seconds after the ini- 
tial substorm encounter ano why it was not repeated 
in the more intense portions of the storm. This 
model assumes that the discharge occurred at the 
boom tips where a metal sphere was attached to a 
dielectric-coated boom (see tig. 4). Ihe compari- 
son of preoictions to data, mentioned previously 
for this event old indicate that the boom dielec- 
trics were at the structure voltage which was niore 
positive than the metal sphere. This condition can 
produce discharges (Refs. 28 ano 29). It is also 
assumed that the metal shell is only capacitively 
coupled to the boom ano not hard-wired to structure 
ground. The capacitance value was arbitrarily cho- 
sen to be 2X10'*" F. 

Hence, the model considered is essentially three 
capacitances: from the shell to space from 

the shell to spacecraft body (C^) and from the 
body to space (C3). When a discharge is trig- 
gered, a small a int of charge is assumed to be 
lost to space ti..n the shell ano the body will re- 
spond according to the capacitances linking it to 
the shell and space (see fig. b). For this simple 
model, then, for any assumed charge loss from the 
shell to space, the change in voltage of the shell 
could be computed. 
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The reeponje of the body then woulo be the retlo of 
the c&picitances times the change In shell voltages. 

^''body • r;77 ^''shell 

where Cgff Is the effective capacitance of Cg and 
C3 In series. Since Cgff Is larger than Ci, the 
change In body voltage Is less than that of the 
shell ana hence, the discharge should not be repea- 
ted unless the substorm persistea at relatively 
high Intensity for longer than the original 100 
seconds. 


It 1$ further assumed that this charge-loss process 
Is triggered when the metal surface becomes 500 to 
1000 volts more negative than the surrounaing Di- 
electrics. The process Is assumed to be quenched 
when the metal surface goes to zero <olts ana 
charging Is again Initlateo. 

While It Is possible to compute the :hange In volt- 
ages for given charge loss, It Is no: possible to 
do a valid simulation of a charging-discharging 
cyclt without a three-dimensional code. For this 
simulation of the above model, the NASCAP code Is 
used to predict the surface charging ana recharging 
at the time of the actual Discharge occurrence. 
Using the available environment data and a SCATHA 
moael with a floating boom tip experiment [Z\ - 
2X10“!^ F), the computer simulation was run up to 
the approximate time of discharge (1^8.4 sec). The 
differential voltage between the boom tip {of the 
SCATHA model) and the boom dielectric was about 
1000 volts with the tip more negative. At this 
time 0.37 ucoulombs of charge was Instantaneously 
lost to space from the tip by specifying this 
transfer in the code. The amount chosen was that 
necessary to change the tip voltage to zero ana 
represented 65 percent of the total charge storeo 
on the tip. The code computed the change In all 
surface potentials due to this loss and then al- 
lowed the surfaces to be recharged by the environ- 
ment. For this example, the cooe predicted that 
the structure woulo return to its previous value in 
less than 1 second - fast enough to imply that most 
of the satellite Instrumentation might have missed 
the change. 

The Discharge transients in the tip ana structure 
for this simulated event are shown In figure 6. 

Just prior to the discharge, the boom dielectric 
surfaces (dielectric surface voltages are the same 
as the structure) are considerably less negative 
than the tip. At the approximate time of dis- 
charge, the environment appears to have become more 
Intense causing an Increase In the charging rate 
and probably triggering the discharge. When these 
conaitions are simulateo by NASCAP, the expected 
inversion between the tip end structure potential 
occurs. The preJicted voltage olstributions arouna 
the satellite emphasize the effect of this transi- 
tion (see fig. 7). In figure 7(a), the potential 
distributions around the satellite just prior to 
olscharoe are shown. At the time of discharge 
(fig. 7(b)), the voltage levels change, but only at 
the floating tip are there significant deviations 
in the pattern. After recovery (fig. 7(c)), the 
voltage distribution arouno the tip Is still the 
only area where significant changes in the pattern 
have occurred. It appears, then, that this simu- 


lation produced the desired, highly localized 
transient. 

The question of why discharges were not repetitive 
can be addressed by a continuation of the charging 
simulation through the peak Intensity of the sub- 
storm (see fig. 8). In figure 8(a), the charging 
history for the predi ted structure ground and boom 
tip Is shown without the discharge simulation. As 
shown, the presumed conaitions for triggering a 
discharge exist at 98 seconds, 110 seconds, and 120 
seconds Into the substorm encounter. However, when 
the discharge was simulated at 98 seconds (fig. 
8(b)), the resultant Inversion of tip and structure 
persisted throughout the peak and the conditions 
for discharge were not repeated. Had the substorm 
intensity continued for a longer period of time, 
then the differentials would have been re-estab- 
lished and another discharge could have occurred. 

DISCUSSION 

The model proposed to explain the discharge occur- 
rence on SCATHA can be generalized to other satel- 
lites, In essence, it Is proposed that a discharge 
occurs when charge Is lost to space by a breakdown 
of the capacitance to space. The response of other 
parts of the satellite depends upon the capacitive 
coupling to the discharge site ana to space. 

The discharge process has been assumed to be initi- 
ated when a metal surface is at least 500 volts 
more negative than the surrounding dielectric sur- 
faces in agreement with laboratory data (Refs. 28 
and 29). Yet, there are other conditions that 
could give rise to a discharge which are related to 
a negative voltage gradient at a dielectric-conduc- 
tor Interface (Refs. 30 and 31). These did not 
occur In the SCATHA example but must be considered 
in any, more generalized model. 

Finally, it should be pointed out that a discharge 
could occur on the body of a satellite. In this 
case, the structure potential would go to zero 
volts directly, there would be no Inversion process, 
and repetitive discharges are very likely. In the 
next section of this report, all of these concepts 
are melded into a generalized, proposed surface 
breakdown model. 

ENVIRONMENTALLY-INDUCED SURFACE BREAKDOWN MODEL 

For a complete evaluation of any geosynchronous 
satellite, the effects of surface breakdown (dis- 
charges) transients caused by environmentally-in- 
duced charging should be ascertained. This evalua- 
tion requires knowledge of breakoown trigger condi- 
tions and a discharge process to determine transi- 
ent characteristics. This would be the first step 
in an analysis to determine the systems response to 
discharges. The discharge characteristics result- 
ing from the surface breakoown would be used as 
Inputs for codes to confute the internal structural 
response (e.g., SEMCAP). The calculation of inter- 
nal response tends to be configuration dependent 
and cannot be treated In a general manner. 

Based on the current state of knowledge and the 
results of the study In the previous section, pro- 
visional criteria for breakdown Initiation can be 
proposed. These criteria are: 

(a) Dielectric surface voltages are greater than 
+500 volts relative to an adjacent exposed conouc- 
tor (Refs. 28 ano 29). 
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(li) A ii II- 1< i.tr ic/l-/(jo'.l-o (.oriuuct^r uittrfiice has an 
l•ll:(.lrl(. tielo <jri.-altr than IxlO"* volts/cm (kefs. 

’A> aiiu jlj. 

baps, seanis, edges, and imperfections enhance the 
existence of these conditions ano thereby increase 
the probability of breakdoMns. It is assumed that 
these discharges result in a relatively small 
charge loss to space. 

The discharge process proposed is that charge 1$ 
transferred from the satellite to space; in essence 
satellite to space plasma ground is temporarily 
shorted, (see fig. 9(a)). It is assumed that a 
breakdown continues until the satellite ground po- 
tential approaches space plasma potential as indi- 
cated by ground simulation experiments (Ref. 32). 
Accompanying this voltage transient is a local col- 
lapse of differential voltages at the discharge 
site. Charge Is not drained off of large areas of 
dielectrics as previously assumed (Ref. 21) but 
some small fraction of the total stored charge Is 
assumed to be lost to space In this differential 
voltage collapse. The remaining charged dielec- 
trics force the ground potential to return rapidly 
towards Its precharged value. 

Discharge transients can be computed as follows: 

(1) The square wave approximation for the current 
transient Is derived from the total charge lost 
over the same period. This charge lost is made up 
of two parts: 

(a) The charge lost to space through the satellite 
to space capacitor Is computed from (see fig. 9(b)): 

“ ^s '^0 (Coulombs) 


where Cj Is the satellite to space capacitor (typi- 
cally ICrlO farads) and Vq is satellite ground 
voltage at time of discharge. 

(b) In order to compute the charge lost in the di- 
electric differential voltage collapse, one has to 
rely on laboratory results obtained from grounded 
substrate tests. These tests produced discharges 
which removed charge from large areas of the di- 
electric surface, but It Is believed that the ini- 
tiation of the transient is the same for floating 
substrate discharges. For the present, then, 
charge redistribution and time duration relation- 
ships from these tests will be used. Additional 
testing should be undertaken to obtain data on dis- 
charge characteristics with floating substrates. 

It Is assumed that only 1 percent of the total 
charge stored on the dielectric surface is Involved 
In this portion of the discharge process. This Is 
an arbitrary assumption made to stress the fact 
that charge loss Is limited to a small dielectric 
area. Of this 1 percent, only 1/3 Is lost to 
space; the remaining 2/3 either stays on the di- 
electric or neutralizes the polarization charge: 
(Ref. 33) 

aQ^ » KCp aVp (Coulombs) 


where : 

K Is the friction of total charge lost to 
space (0.003) 

Cg Is the dielectric capacitance (faraos) 


aVg Is the absolute value of differential volt- 
age across dielectric (volts) 

(c) Hence, the total charge lost Is: 

aQ|_ - aQj + aQj, (Coulombs) 

end the current pulse Is: 

1 • aQp/at (Amps) 

The time duration of this pulse (at) Is not known. 
The experimental data for grounded substrate tests 
indicate that the maximum duration Is a function of 
dielectric area from which charge has been removed 
(Ref. 33). Using this relationship, a time dura- 
ion can be approximated as: 

at ~ 0 . 02 (K 2 Ap)°-^ (ysec) 

where 

K 2 is the fraction of dielectric area Involved 
(assumed to be O.Cl) 

Ag Is the dielectric area (cm^) 

(2) The square wave approximation of the voltage 
transient Is assumed to be the satellite ground 
potential at the time of discharge over the dis- 
charge period given above. 

A1 1 of the voltage values ano capacitance to space 
(Cs) are available from the NASCAP analysis. 
Dielectric capacitances can be computed from paral- 
lel plate formulas using values of dielectric con- 
stant and dimensions used In the NASCAP analysis. 

This criteria can be applied to the SCATHA dis- 
charge transient considered in the previous sec- 
tion. The discharge was assumed to be triggered 
because the probe tip (metallic area) became more 
negative than the surrounding dielectric - exceeded 
breakdown Initiation criteria a). In this case the 
probe tip was capacitlvely coupled to the space- 
craft structure so that the transient response of 
the external structure could be determined for the 
selected value of coupling. The computation pro- 
ceeds as follows: 

(a) The capacitances are: 

- Probe tip to space: 7.8x10"}! F 

- Object to space: 1.2x10-10 p 

- Probe tip to object: 2xl0"l0 F (value 

arbitrarily chosen) 

(b) Charge lost: 

aQi - CjAV - 7.84x10"!!x 4720 - 0.37 uC 
(charge lost from probe tip) 
aQ2 - KCqaV - 0. 003x 4. 2xl0-yx200 - 

0.0025 mC (charge lost from surround- 
ing dielectric) 
aQ|_ * 0.37 pC 

(c) Pulse duration: 

at * 0.02 (Q.01x170)!/2 - 26 nsec 
where area of dielectric boom was used. 

(d) Current and voltage transients (see fig. 10): 
al - (O.37xlO-0)/(26xlO-0) - 14.2 A 
AVprobe “ ^720 volts in 26x10"® sec 
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It) S$rw:tef« rMpentt: If tlitt mfpontt 'tf tte 
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* ftmctBPt ^ tip 
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■ 3000 voltt 


Tbit eeit b« cooptft^ to tto canputor modal prtile- 
tiont of tto pmloui ttetlon. Slnca tt» slractBra 
potontlal w«f -I7W voHt btfora d1s£ter|*, ti» 

3000 volt ehsngt *©olo ceatt tto gtractara to p to 
-710 volts. Tha eodt valut w«* -721 volts, tttncts 
tijf (ttSW dl6Ch5i*g* switch routlot Ineerporttts 
tha sssancs of tha proposP praeass. 

Mat has bttn prassntp bars must ha consIPrad a 
ppslIatlBary attrapt to fomulata a ustols fuldt for 
malfMlm satallltt Otslgns. It Is hasp Oh tha 
IPa that brtaicdowns occur sarly In tha mission and 
dess not eonsldsr any sfftcts of dlsltctrle aflnf 
or ground irsels-up that may orcear with tlais In 
spacs, Tha proesss propesad bars only atproxliaatss 
ai|y sffpt of sharps PInf, redaposltp on tP dl- 
slsctrle, TP usa of a l-pareent loss with only 
i/3 sscaplBf may csnpsBsats for this effect, but It 
could iBtrPuci errors. 

APPLICATIOW OF OISCHARSE MOBEL 

IB this section tP prposed alscharp modal 1$ 
aplled In a design study of a three-axis stabi- 
lised geosynchronous satelllta. TP MASW moPl 
of this satellite Is shown In figure U. It has 
two large, sun-tracking solar array wings and a 
central spacecraft bpy. The overall dimensions 
ap 9 m across tp wings by 2.4 m across tp body. 
The model has 470 expsed surfaces aP each sfl««r* 
In tP model Is 0.3 by 0.3 m. 

The solar array wings are each 3 by l.S m. Ipy 
are moPled as thin, flat plates with O.OIS cm (§ 
mil) silica cover slips on tP sun-ftoing side and 
0.010 m (4 mil) Kapton substrates. This pppsents 
a flexible substrate solar array system capable of 
producing a total power output of about 1 kM. This 
array Is assumed to P operating such that one wing 
Is at •*25 volts with respect to the spacecraft body 
while the otPr Is at -25 volts wpn tP array Is 
sunlit. In eclipse conoltlons tp array veltafes 
are set to zero. Tp Interconnects PtMten the 
solar cells are modeled as silver patcPs (mlnimun 
resolution In KASCAP Is op surface cell). These 
ratal lie patcPs roppsent about 10 prctnt of tP 
total array area which Is a pasonable epproxlma- 
tlp to tP actual exposed metallic apt. 

The spacecraft body is modeled as an octagon 1.3 by 
1.5 m Pep. On tP earth-facing sIP are two an- 
tennas moPled as ptagons 0.9 by 0.3 m high. TP 
sips of tPse entepas ap covered by a grounded 
tPrwl blaPet with 0.010 cm Kapton outer la^r. 
Tp antenna copr Is plain Kaplon which can fipt 
electrically. On tP opposite end of tP body Is 
an apofee Insertion motor opIosup modalod as an 
ptagon 1.2 by 0.5 m deop. IP and Is assumsd eov- 
trad by pup aluminum. TP pst of tP exposed 


sarfaces of tP sneceereft My bp cavarod by 
O.dli 8B HaftoR, 0.014 cm Silica (0^ sloulatlon), 
or pm alual'Btisi patohas. 

TP struts Pldlng tP telar arrays to tP My ap 
moislP as e dlelsetrle eeterlal with a low saeoM- 
ery yield. A prop has also been added to tP 
body. This prop Ps w wapeclflp :pimoM Bind Is 
moPiP at Pvlp an alualnua tip with tp jpasl- 
dlelsctrlc ho^. Furt'haraop this prop Is atsumedi 
to P vary weafcly capaeltlvaly coaplp to tP body. 

A cPrgiBf simulation was conducted using a moier- 
eto suistona from tP Palp environment specl^lcaF. 
tloa {Ref . 20). Twelp minutes of suflllflit eharf- 
1M {with suRlifht iBcIPnt at 27* plative to' tP 
solar array norwl) wep slmulatod followed by a« 
additional 12 minutes In eclipse. TP charging 
■history of selected surfaces It shew In fipp 12. 

This fipp niustratet tP difepnces Ptween ai- 
soluto, dlffepntlal, and Prfler-dealnatad cPi^» 
Iff (Ref. S/. In sunlight tP charging of the 
stractup ir.ToP starts only after differential 
eharflng O'f shaPd InsHlators end proceeds at a 
slopr rate fhaa tp Insulators. Upon entering 
scllpse tP ro'tentlal of tP system as a vshele 
dropsi tP axlstlng differential voltioes ap wls- 
talrp {abtolute eharglnfi). Than, dlffepnllel 
chirglne •etumas. The potential values pachad In 
this chai'j’lng event (h.jtn sunlit aP eclipse coPI- 
tlons) are controlleit py cP veltap barriers built- 
up fr«' tp charging of tP large, shaded Kapton 
substri-.ts of the solar array. As tPse turfaeat 
become tare negative, electric fields exptP, $ur~ 
ni'-ndlng the satellite and contplllng tP Incoming 
flux, tP photo- and secoPary emission {barrier- 
dominated :hirg1ng), 

A detilletl review of the RASCAP graphics output In- 
dicates areas wpp discharges may occur. TP pre- 
dicted voltage profiles around tP satelllta ap 
shewn In flfure 13 for sunlight charging after 12 
minutes (720 sec). As shown In tP front view tP 
potentials tend tj decay from tP shaded Kaplon 
(-1400 V), Pwevtr, tPp are Inflection points In 
tP arrays aP tP center of each wing Is at a pos- 
itive potential with pspect to group (a condltlofl 
which prometes discharges). TP gradients from the 
array edges towards tP center are also sapre (as 
Indicated by tP numpr of Mps grouped In a small 
apa). These solar array diffepntlal voltages can 
p mop sevfp If It Is assumed that tP cover 
slides have a high yield, magneslua fluorip, anti- 
reflecting coating Instead of plain glass (Ref. 2'9), 
There are also Inflection points Ptween Kapton 
surfaces aP Pth sunlit and shaPo 0SR‘s on the 
spacecraft bPy, 

The side view of this figure Indicates a pssible 
proilam at tP solar array outer aPs. Strong gra- 
dients exist aP If tPre Is an exposp metallic 
tpa, tpn bpikdowns could occur tPre. On tP 
spacecraft Pdy tpp ap strong gradients at the 
Inlerftoe with tP motor. However, unless 

tPp Is a seam or exposed metal Pge In tP re- 
gion, tP diffepntlal voltaps ap not sufficient 
is cause dielectric punch-through breakdowns. It 
stal'd be plnied out that coa 4 »uter graphics tends 
to everafe tiulpPhtUls opr tP surface apas 
even wPn tP surfKe Is a grounded metallic ama. 
This cm lead to overlooking possible problems. 

The eo%1p eP of tP aot'or case is supposed to P 
at ground potential, Pnce, ell volta^ lines 
staid terminate on tP dielectric edge which pp- 
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duett t itrw»8 tltctrfc fltld tt tlilt point. This 
conctntretlan It not tpptrtnt In tttt coaputtr art- 
ptilci and lllutiratti tht nttd for cart and diTl- 
gtnet In Inttrprtting eemputtr outputs. 

For tcHptt charging conditlant, tht coaputtcl voH- 
agt prof 1 1ts at about 300' ttcondt art thomn In flg- 
urt 14, Tht pottlhlt dltchargt artat art tht telar 
array wing tips, all Kapton-oatal Intarfactt, probt 
tip - disitctric boon Inttrfact tad' tolar array 
call “ lattrconntct gaps, irtekdown charactsrlt- 
t1C8 can bt aitliaatad for both tunllght and tcllpit 
Charging eondltlont by following tht proetdurt g1v- 
sn In tht dltchargt guldtllnt. This proetdurt It 
applied to a posslblt dltchargt Involving a tingle 
WASCAP call arte on the tolar array (potltlvt dlf- 
ftrtntlal vsltaga breakdown criteria) aind at a 
Kipton-Betal Inttrfsca (strong ntgative altetric 
field crlterlij. These would be the transient 
eharaeterittici at the dlteharga site and would 
serve at Inp'Utt to enothtr cods to coraputt tystta 
rtspw.e. 

Spi ff array aao braakdown ; The latellltf capacl- 
TTn'ee to space Is coaputed to be 2.1xl0"l® farads. 
The ground P'Otantl-ls are about -3 k¥ In sunlight 
charging conditions and about -8 kV In eclipse 
charging conditions. This results In charge losses 
of 0,63. and l.t uC, respsctlvsly. The capacitance 
of the block of solar cells In the 0,3 by 0,3 ni 
NASCAP sfutre Is ab-out 2x10"® fared and the differ- 
ential voltap (BuxItEHii) Is about SOO volts In sun- 
light and abO'Ut lOT volts In eclipse. Under the 
criteria that 0.3 percent of the charge stored on 
the dielectric Is also lost, then an additional 

0.03 bC should be added for sunlight charging and 
0,06 uC added for eclipse charging. The resulting 
total charge lest would be 0,§6 bC for sun charging 
and L96 bO for eclipse charging. The square wave 
approxlniatlons for the voltage and current tran- 
sients of this discharge source are shown In figure 
14 (based on a computed pulse duration of 60 nsec 
for the issuHBd one surface cell breakdown) In both 
sunll|ht and eclipse conditions. 

Kapton-metal Interface breakdown ; The charge con- 
trlfullin froa'tha braakdswn of the satellite to 
space capacitor Is the same as above. The differ- 
ential voltage on the shaded Kapton Is about 2.5 kV 
for both sunlit and eclipse charging conditions. 
Since the Upton capacitance per HASCAP square Is 
about 2x10"® farad, the total charp lost to space 
Is 0.7S bC for sunlight charging and 2.0 bC for 
eclipse charging. The voltage and current tran- 
sients for this discharge are slnllar to those 
shown In figure 15. 

It Is apparent that the probe tip would trigpr a 
discharge as It entered eclipse a'nd prod'wee results 
slrallar to that of the SGATMA oodel study. Hence, 
upon entering eclipse one could antltlpate an Ini- 
tial dlseharga due to the weakly coupled probe and 
have this followed by a differential voltage dis- 
charge caused by voltap gradients In the array or 
tberoel blankets. The final essessa»nt of any haz- 
ard to satellite systeam requires using these tran- 
sients as Inputs to conputatlonal scfienes to pter- 
alne the structure end harness coupling possible. 
Modifications to the design, filtering or Iporing 
the charilBfi possibilities could then be decided 
(Ref. Mh 

COClUOIiS REMARKS 

The question of envlroweatilly-lnduced discharge 


hazards to spacecraft lystwes has long been debai- 
Initial studies indicated that the large 
area, charge clean-off, ditcharges t^servtd In lab- 
oratory tlouletlon could occur in space substora 
encountori. The haiardi from this type of “blg- 
bang° discharp was obvious; aany satellites should 
have been destroyed:. This did not occur. Transi- 
ents ware detocted on tatelllto surfaces and on 
internal electrical harnesses. The only recoonlza- 
ble hazards appeared to be anoaalout electronic 
switching and noisy teleaetry, 

:Date from spactoraft teeaed to Indicate that dif- 
ferential charging was controlled by voltap bar- 
riers and' could not reach the levels required to 
obtain the big bsfl'gs. Analytical aodoling tech- 
niques reached a state of aaturlty to predict reli- 
ably that known lubstonw could net produce suffi- 
cient differential voltaps to trigger a aajor dls- 
eharp. This focused attention on the "little 
bangs"; those IrrUatIng occurrences that had been 
revlously Ignored In laboratory studies. This has 
#d to different concepts for discharge initiation 
end subsequent low erwrgy pulses. 

in this papor a discharge process Is proposed. Tfie 
trlgpr eondltlens postulated are: a negative ex- 
posed metallic surface S'urrounPd by a less negia- 
t1ve dielectric and a large volta'P gradient at a 
dlelectrlc/metel Interface. Seth of these condi- 
tions are essentially gap phefl'oaenon and are based 
on laboratory data. Analysis of SCATHA data for a 
discharge occurrance seems to substantiate the pos- 
tulation. Surface discharges cause a small tran- 
sient charge transfer to space which results In 
voltage transients. A method of computing these 
transients has been developed based on the charge 
lost through the eepaeltance to space and a frac- 
tion of charge stored In the dielectric at the dis- 
charge source. This computation results In an es- 
timate of the discharge transients at the discharge 
site and can be used as Inputs for eo'upllng code 
analysis of structure/ system response. As an exam- 
ple, the transient computations have been applied 
to a three-axis stabilized, geosynchronous satel- 
lite for both sunlight and eclipse charflno. The 
energy of the transient pulses were about I mjoule 
for sunlight discharge and 8 mjoule for eclipse. 
Changing of selected coatings on the satslllte 
would relive the stress. 

The proposed process and computational schema given 
here Is preliminary. It Is based on available In- 
formation and seems to explain some of the occur- 
ranees on satslllte. As more data becomes avail- 
able, the model will be Improved, 
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